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Applications of Machine Learning

* An ability that | would like you to learn is to

identify how to use machine learning in
different domains.

* Machine learning can be applied in a wide
array of real-world applications

CIS 621: Machine Learning PIEAS Biomedical Informatics Research Lab



Applications: Biometrics

{acia] thetmogram fingrrprint

retinal scan signatury volor print
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Applications

STANFORD UNIVERSITY
Jre—— AUTONOMOUS HELIGOPTER

Overview

Camera System

Mabileye

The goal of this project is to push the state-of-the-art in helicopter flight: extreme aerobatics
under computer control.

Featured Videos httg:l l hen.StanfOrd.edUI

Sick LMS-221
Laser Rangelinder
\_M{\Cm

Ibeo Alasca XP SRS Radar
Laser Rangefinder MACom

SRS Radar
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Handwriting Recognition

From Nov 10, 1999
Jim Elder

829 Loop Street, Apt 300
Allentown, New York 14707

To
Dr. Bob Grant
602 Queensberry Parkway
Omar, West Virginia 25638

We were referred to you by Xena Cohen at the University Medical

Center. This is regarding my friend, Kate Zack.

It all started around six months ago while attending the "Rubeq"
Jazz Concert. Organizing such an eventis no picnic, and as
Dresident of the Alumni Association, a co-sponsor of the event,
Kate was overworked. But she enjoyed her job, and did what was
required of her with great zeal and enthusiasm.

However, the extra hours affected her health; halfway through the
show she passed out. We rushed her to the hospital, and several
questions, x-rays and blood tests later, were told it was just
exhaustion.

Kate's been in very bad health since. Could you kindly take alock

at the results and give us your opinion?

Thank youl
Jim
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The Letter
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1978: First Postal Code Reader Worldwide

4, H, W 74 /# 5] SEATTLE, WA 98103
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1982: First Address Reader Worldwide
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1984: First Multi Line Reader
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1996: First Sender’s Address Reader

PAUL DRURY
1123 3RD AVENUE

NEW YORK, NY 10019
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1998: First Full Text Reading
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2000: First Graphics Recognition
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2004: First Full Recognition

SOUARE & 5TIS

1123 3rd Avenue ‘
New York, NY 10018

LOGO:SQUARE & SONS

URGENT

Illl“lllll'll ulnlulll-lnlnlc u”nlln”ulu o' ||nlll
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2008: Recognition on Both Sides of Envelope

=
SOUARE & STIS

1123 3¢ Avenun .
New York, NY 10019
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OCR Accuracy

Read rate
100% Machine print
O Handwriting
80°% Arabic handwriting
Multi-lingual OCR

60%

40% -

20%

0% —

1970 1975 1980 1985 1990 1995 2000 2005 2010 Year

OCR Benchmarks
NIST'93 Test Award
ISRI'95 Award
ICDAR'07 Arabic Award
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Gmail: ML in NLP

More spam, but not in Gmail inboxes

N N S

Jun 04 Apr 05 Fab 0& Dec 06 Oct 07

B Spam prevalence: % of all incoming Gmail traffic {before filtering) that is spam
B Missed spam: 3% of total spam reported by Gmail users

As the amount of spam has increased, Gmail users have received
less of it in their nboxes, reporting a rate less than 1%.
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Facebook Friends Tagging

We've Suggested Tags for Your Photos

We've automatically grouped together similar pictures and suggested the names of friends who might
appear in them. This lets you quickly label your photos and notify friends who are in this album.

Tag Your Friends

This will quickly label your photos and notify the friends you tag. Learn more

Who Is this? Who is this? Who Is this?

Francis Luu

Skip Tagging Friends Save Tags
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Applications of PR

Art
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Recommender Systems

e Recommend movies based on user
preferences, interests and likes

e Similar ideas for facebook...
— Find friends that share your interests
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Applications in Bioinformatics
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I High predicted binding propensity PDB: 1YRT

Low predicted binding propensity B calmodulin
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Applications in Bioinformatics

* Predict protein interfaces
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Applications in Bioinformatics

* Prion prediction using ML
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Medical Image Processing Applications
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Computer / Network Security

Prediction of threats

Prediction of bugs / vulnerabilities in software
dentification of malicious activity

dentification of malicious software / viruses

Attacking through side channels

— Keyboard acoustics

CIS 621: Machine Learning
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Keyboard acoustics

Text recognized by the HMM classifier, with cepstrum features (underlined
words are wrong),

the big money fight has drawn the shoporo od dosens

of companies in the entertainment industry as well

as attorneys gnnerals on states, who fear the

fild shading softwate will encourage illegal acyivitt,
srem the grosth of small arrists and lead to lost cobs and
dimished sales tas revenue.

Text after spelling correction using trigram decoding,

Aejeyieg ‘eiulopes Jo Ausiaaiun

HVDAL 'd T PUC 'NOHZ DN34 "ONVNHZ 17

the big money fight has drawn the support of dozens

of companies in the entertainment industry as well as
attorneys generals in states, who fear the film sharing
software will encourage illegal activity, stem the growth

of small artists and lead to lost jobs and finished sales
tax revenue.

Original text. Notice that it actually contains two typographical errors, one of
which is fixed by our spelling corrector.

the big money fight has drawn the support of dozens

of companies in the entertainment industry as well as
attorneys gnnerals in states, who fear the file sharing
software will encourage illegal activity, stem the growth
of small artists and lead to lost jebs and dimished sales
tax revenue.
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PCR in HCI/CV

* Gesture Recognition
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Scene Completion Using Millions of Photographs

James Hays Alexel A. Efros
Carnegie Mellon University
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Deep Learning

* Google Brain
— https://en.wikipedia.org/wiki/Google Brain
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Constructs of a PR System

* |dentify the objective

— |ldentify the unit of classification (example)

* Image block, protein sequence, ....

Real world

Phenomenon Sensor

A 4

Feature extraction mechanism

A

y

Machine Learning

Decision

—>
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Components of a PR System

e Sensor

— Responsible for getting raw data from an object

 Examples
— Camera for face recognition system
— ECG for cardiac disease diagnosis

— Multiple sensors can be combined to provide a
better picture

— Sensors can introduce noise into the PR system
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Components of a PR System...

e Feature Extraction

— Usually (almost all the time!) the amount of raw data obtained from sensor(s)
is too large and redundant

* Example

e 256x256 image acquired by a camera for face recognition contains
256x256x24 bits of data but what is the information we are
looking for?

* We are looking for features that purely characterize a face and as a
result enable us to distinguish amongst faces
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Components of a PR System...

e Feature Extraction...

— Consider the design of a system for automated diagnosis of
Myocardial Infarction

— The usual sensor is an ECG machine which samples the
electrical activity of the heart at some sample rate (e.g.
1000Hz)

— We need some feature which would enable us to recognize
particular ailments

ST Elevation |
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Components of a PR System...

e Feature Extraction...

— Thus a feature extraction mechanism works as an
information processor which takes in raw data and outputs
information in the form of a feature vector which describes
an object

— We need descriptors called features which tend to remain
somewhat constant over objects belonging to the same

class but are different for objects belonging to other
classes so we can discriminate easily between classes
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Components of a PR System...

e Feature Extraction...

— Points to note

* A feature extraction mechanism

— Extracts information in the form of a feature vector about an
object which would enable our system to recognize it

— Provides a form of dimensionality reduction aiming at removal
of redundancy in data while maintaining discrimination
between objects to be recognized

— Computes numeric or symbolic information from the
observations collected by sensor(s)

— Helps the PR system to ignore noise effects of sensor(s)
— |Is problem specific
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Example

Classification

Sparkle in eyes

N

Size of smile
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Components of a PR System...

* Machine Learning

— The job of the last stage of the PR system is to
classify/describe objects on the basis of their
features

— Assigning labels to objects

CIS 621: Machine Learning PIEAS Biomedical Informatics Research Lab
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Components of a PR System...

 Classification/Description
— Approaches

e Using Apriori Knowledge
— Use already know rules to make a decision

— Example:
» ST deviation of more than 0.1mV in the ecg is indicative of
Ischemia
* Supervised Learning

— Assumes that a set of already classified patterns (called the
training set or training examples) is available and a learning
strategy can be used to assign labels to unknown patterns (on
the basis of the learning data)

» Input: A set of labeled examples (training feature vectors & their
labels)

» Task: Find the boundary (discriminant) between classes

» QOutput: Given a unlabeled object, it uses the discriminant to
assign a class label to it
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Classification Approaches: Supervised

 Example (k=3)-Nearest Neighbor Classification
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Classification Approaches: Supervised...

 Linear Classifier
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Classification Approaches: Supervised...

* Nonlinear Classification boundary
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Classification Approaches: Supervised...

e Generalization vs. Memorization

— A particular issue in classification is the tradeoff
between memorization vs. generalization

RVER
8,
“;‘ o

Has great memorization but may

generalize poorly

CIS 621: Machine Learning

v

Has lesser memorization but
may generalize better

PIEAS Biomedical Informatics Research Lab
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Life Cycle

T

Gollect N _l/f Select ™ _/ Select “ / Train N Evaluate\
0 data Ieatures/ “._model _ \G|355“|E[/ \classﬂlerf

CIS 621: Machine Learning PIEAS Biomedical Informatics Research Lab 43



To Do

* Reading

— Required

* CHAPTER 1: Alpaydin, Ethem. Introduction to Machine
Learning. Cambridge, Mass.: MIT Press, 2010.

* Quiz Next Lecture

* Heads up!
— Python Programming Assignment on Thursday
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End of Lecture-2

We want to make a machine that will be

CIS 621: Machine Learning

proud of us.

- Danny Hillis
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